In this article, the authors measure and evaluate the efficiency of anesthesiology and intensive care wards in the Slovak Republic using the suitable methods and check suitability of methods and variables used in the Slovak healthcare environment. Nowadays, trends are towards modification of basic data envelopment analysis (DEA) incorporating other quantitative methods. In this study, the authors examined the influence of contextual variables on CCR DEA efficiency scores. Variables Ageing index and Unemployment rate had unexpected sign/effect on efficiency. Variables Average length of stay and Bed occupancy rate seem to be adequate to be used and checked for significance in terms of selected wards of the Slovak Republic healthcare. Such types of articles are completely missing in the Slovak Republic. Methods and variables the authors have used could be modificated to needs of individual wards. These findings could be used to build information system of efficiency in the Slovak healthcare within cooperation with National Health Information Center.
INTRODUCTION
Data envelopment analysis (DEA) is a well-known method which is used to evaluate the efficiency of decision making units. This method is based on the use of linear programming. It was founded in the 70s and originally was used to measure the efficiency of non-profit organizations (hospitals, schools, public administration, etc.). Thereafter the field of its use spread to the area of enterprises, national economies, different sectors or sport. Nowadays we know many models of this analysis, which finds application in measurement of efficiency. We can also mention the CCR, BCC or two-stage DEA as best known and the most used models of DEA. In this study, we focus on evaluation of efficiency in selected wards of Slovak hospitals using two-step DEA approach.
LITERATURE REVIEW
Based on our study of literature, we have found that the most commonly used regressions in health sector used in the second step of two-step DEA are truncated regression and Tobit regression. Araújo et al. (2013) , using truncated regression, analyzed profit hospitals in Brazil. They used number of beds as an input and inpatients as an output. Kounetas and Papathanassopoulos (2013) used similar input (beds) and output (inpatient days). They evaluated one hundred and fourteen hospitals in Greece. Mitropoulos et al. (2012) also dealt with the evaluation of hospitals in Greece using truncated regression. They analyzed ninety-six public hospitals. Salaries were used as an input, introduction pathologic as an output. Same regression and sample of hospitals in Tunisia were used in the study of Chaabouni and Abednnadher (2012) . Also, Blank and Valdmanis (2010) and Blank and Hulst (2010) used this type of regression in their studies focused on health sector in the Netherlands. Twostep DEA using truncated regression in combination with SFA were used in the study of Varabyova and Shreyogg (2013) . Number of beds as an input and number of discharges as an output were used in their work. The combination of both the abovementioned regressions were used in study of Gholami et al. (2015) . They used salaries as an input and net patient revenues as on output in one hundred and eighty-seven hospitals in the USA. We can find another combination of regressions in Kaya Samut and Cafri (2015) study -they used Malmquist Index regression with Tobit regression.
Regarding
In addition to these two regressions, there exist also other types methods used in second step of two-step DEA. First, ordinary least squares (OLS) regression was used in the studies of Castelli et al. (2015) , Hadad et al. (2011) and Valdmanis et al. (2008) . We can also find multiple regression as a part of second step. Harrison et al. (2010) used this regression when evaluating university hospitals in the USA. Same regression with Malmquist regression served for evaluation of public hospitals in Turkey (Gok & Sezen, 2013 ). Number of beds as an input and number of days of bed occupancy as an output were used. Seemingly unrelated regressions (SUR) and partial least squares (PLS) regression belong to the less widely used regressions. Karagiannis (2013) used SUR for evaluation of public hospitals in Greece. PLS regressions were used in the study of Djema and Djerdjouri (2012) who analyzed one hundred and seventy-four hospitals in Algeria.
METHODOLOGY
In the first step of two-step DEA, we have to calculate the efficiency scores using CCR output-oriented DEA model according to Cooper et al's. (2007) input-oriented model of linear programming often called as "Farell efficiency" as a reciprocal value 1 . θ
In the second step, we need to use regression to check the influence of explanatory variables on efficiency. For this purpose, truncated regression and Tobit regression are often used. To get consistent estimates of regression model, we need to use the method/algorithm proposed by Simar and Wilson (2007) which by using the double bootstrap mechanism provides bias corrected DEA efficiencies suitable for using in regression models. We will use truncated regression model which has the following form:
where i δ is DEA efficiency score of selected DMU, i z is set of explanatory variables, β are regression coefficients and i ε is standard error. If we use the algorithm proposed by Simar and Wilson (2007) truncated regression model will have the following form:
is bias corrected efficiency using the second algorithm proposed by Simar and Wilson (2007) .
Data will be truncated left to point 1, because output efficiencies are in interval 1 to infinity. The main point of this regression is that explanatory and dependent variables under this boundary are latent. Tobit regression assumes that only explanatory variable is latent one.
General form of Tobit regression is expressed as follows:
,
DATA
We chose as the object of research anaesthesiology and intensive care wards of secondary health care providers. According to the data provided by the National Health Information Center (NHIC), we chose to evaluate the efficiency between 8 regions in Slovakia according to NUTS 3 classification. Data were provided for 6 years (from 2009 till 2014). We selected DEA window analysis, which means that ward in the selected year will be taken as unique DMU. Table 1 shows selected descriptive statistics of input variables, which were used for DEA efficiencies computation.
RESULTS
The average number of beds was at value of almost 60 beds. The minimum level of the number of beds was recorded in the Zilina region, on the contrary, the highest in Bratislava. The lowest number of doctors and nurses was reported in the Trnava region. The highest operating costs were recorded in Bratislava and Kosice. It is similar in the case of material costs. The next Table 2 shows the output characteristics of DEA models. Table 4 shows the computed efficiency scores of individual wards.
In the case of wards of A&IC, it can be argued that according to results of model CCR, only Banska Bystrica region is efficient. In the model BCC, Banska Bystrica region was joined by the region of Trnava, which was by CCR, on the con- Table 5 shows the results of regressions for A&IC wards. We should note, that output efficiency scores were used. It means that lower value of efficiency is better score of efficiency, since the values are ranging from 1 (which means efficient DMU) to infinity.
One could argue that the variables Average length of stay, Bed occupancy rate, Ageing index and Unemployment rate were statistically significant for both models. Unexpected element was the influence of the variables Ageing index and Unemployment rate, which had a negative/unexpected effect. It means that by improving these variables to better levels, efficiency rate is worsening. Variable Mortality of new-borns for these models is not appropriate at all, so is the variable of the population aged 15-64 years. It should be noted the fact that the dependent variable of regression models was CCR efficiency, since the efficiency of BCC for those wards is not appropriate, models were insignificant. 
